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WIWD-TUNNEL INVESTIC3ATION (i?SHIELDED.HORN“BALANCES”

~
,

AND TABS “ONA O.7-SCALE MOHE~ OF XF6F

VERTICAL TAIL $URFACE ~.

By John G. Lowry, James A. Maloney,

and I. Elizabeth Garner

SUMMARY

An investigation was made in the LMAL 7- by “
10-foot tunnel of a O.T-scale modsl of.the vertical
tail surface of the Grumman XF6F airplane. The model
was also utilized for a more general Investigation of
the effect on the hinge-moment characteristics of ~
shielded horns of different chords, spans, and nose
shapes and of trimming tabs of two nose shapes. An
unshielded horn was tested for comparison with the
shielded horn, and the results of the comparison are
given.

Analysls of the data showed that for most tail
surfaces it wI1l be impossible to obtain by means of
shielded horns a closely balanced surfaca and keep the
rate of chqe of hj.nge-momentcoefficient with angle of’
attack near zero without the addition of some other
balancing device. With shielded horns, the rate of
change of hinge-moment coefftclent with rudder deflection
could be reduced to ~bout 50 percent of the unbalanced
value without obta’inlnga positive value of the rate of
change with angle of attack large enough to give steady
oscillations of the airplane with free rudder. Pressure-
xilstrlbutionand tuft tests were made of the flow over
horns of two nose shapes. Lower.peak pressures and con-
sequently higher crltlcal speeds were obtained for the
medium-nose horn than for the blunt-nose horn. The
tests of the two trlmmtig tabs showed that the shape of
the tab nose made very little difference in the results.

.— - — -.
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INTROD~TION

Tests were made In the LMAL 7- by 10-foot tunnel of
““‘a O~T-scale model of the XF6F vertical tall surface.
“Thesetests were undertaken to obtain data for use In ..;
the design of shielded horns in general and to obtain
data useful for the XF6F vertical tail in particular.”

: Additional tests were made to determine tab character-
istics for two different tabs and flow characteristics
over several of’the shielded horns.
.- .:

The various shielded horn balances tested included
models of the original horn on the XF6F airplane and of
shielded horns of four chords, each of which was tested
with two different spans and nose shapes. The variation” “
in horn size covers the range from no balance to over-
balance. Flow characteristics were determined by tuft
tests of”two of the smaller horns and pressure-distribution
tests of two of the larger horns. The pressure-
distribution data show the local velocity distribution of
the two nose shapes tested. For convenience, the term
!fshieldedhornl*will generally be referred to as ‘fhornj”
followed by a designation to indicate the horn size and
nose shape. .“

.

Tests were made of an unshielded horn balance to
determine whether any correlation between shielded and
unshielded horns was poss?ble. These tests tire also
the logical extension of those of the short-span shielded .. “
horns.

Characteristics of the tab were determined in order
to have tiformation useful In the design of any balancing
or unbalancing device that uses tabs, as well as to have
the characteristics of the particular trhming tabs
tested. A round-nose tab of the same plan form and size
as the orlghal tab was tested to determine the varia-
tions In characteristics, if any, from the original tab.
The round-nose tab represented the type of tab usually
used on wind-tunnel models. Both tabs were tested
sealed and unsealed.

APPARATIR AND METHODS .

The model was mounted vertically in the LMAL 7- by
10.foot tunnel with one end adjacent to the floor of the
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tunnel which acted as a reflection plane. (See figs. 1
and 2.\ The model was supported entirely by the bahanoe

.. f’r.ame(fig,..l).w~t,ha-small clearance at the tunnel floor
in order that all the forces’hnd.iiie~ts aot~ng on the
model could be measured. Provisions were made for
changing the angle of attack of the model and the.defleo-
tlon of the rudder while the tunnel was in operation.
The hinge moments of’the moving surfaces were measured by
means of eleotrlcal strain gages mounted within the model,
and the rudder deflections were measured by an eleotrioal
position Indicator attadaed to the rudder and mounted.
within the surface. For the pressure-distribution tests,
the pressures were reoorded photographically from a
multiple-tube manometer looated outside the tunnel.“

The 0.7-scale model of the XF6F vertical tail sur-
faoe wps built b~ the National AdvisorT Committee for
Aeronautics and conformed to the dimensions cf figure 3.
The airfoil secttons used (fig. ~) were modified
??ACA16-series airfoils with the portZon rearward of the
rudder hinge line faired to a flat oontour. The tip
contour was changed somew’lmtfrom tn~ shape used on the
airplane in that It was built with semicircular sections
throl~h the tip to allow for changing the horn shape and
size easily. The trailing edges of the cover plates
were 0.61 inch ahead of the rudder hinge line from the
root section to station 47.93 and tapered from 0.61 inch
at station 47.93 to 0.35 inch at the tip. The rudder
was sealed with a flexible seal fcr most of the tests;
the hinges, however, were not sealed. Some geometric
characteristics of the model.are given in the table In
figure 3.

Several different arrangements of shielded horn
balances were made for the model and are shown In fig-
ure 4. Horn 2-a (fig. .!+(1))represents the hdrn on the
XF6F airplane with the exception of the tip fairing.
The other shielded horns were tested with two different
nose shapes. The blunt-nose horns are of airfoil con=
tour fram the hinge line to the point of tangency with
the leading-edge radius. The medium nose shapes were
made to the ordinates given in table I. The.variations
tested included horns of four chords and two spans and
oover the range f%om no balance, plain rudd6r, to a con-
dition of overbalance. The gap between the horn nose
and fin extensf.onwas similar to the one on the airplane
for horn 2-a and was maintained for all other horn ar-
rangements. The gap.betbeen tlieInboard end of the horn

—..— —— —
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fin was 0.22 Inoh, which corresponds to the gap on
XF6F vertical tall.

The unshielded horn tested Is shovm In figure 5 and
made to the same span as horns 1. 2. 3. and 7. The

shape of the horn Is the same as the-al;f~~l tip’shape
and has-the same gap between the horn and fin as the
shielded horns.

The plan form and geometric characteristics of the
tabs tested are given In figure 3 and the sections of the
tabs ere given in figure 6. The original tab represents
the tab on the XF6F rudder. The leakage through the

. piano hinge was simulated by a piece of gauze. The
round-nose tab was constructed as shown in figure 6 and
had provisions for sealing. Both tabs were sealed with
a flexible seal for some tests.

Horns 8-a and 8-b were modified for pressure-
distribution tests by placing a row of orifices . ..
;~9:i~:e; from the inboard end of the horn, as shown

The chordwlse locations of the orifices
are given i; figure 7 and are the same for both horns,
except that orifice 1 on horn 8-a was eliminated from
horn 8-b. These orifices”were connected to copper tubes
that were in turn connqcted to leads from the manometer.
The copper tubes were kept within the model until they
were a few Inches from the tunnel floor. When pressure-
diatribution tests were made, time was allowed for
conditions in the tunnel and for the manometer to become
stable before the pressures were photographed.

A d~amic pressure of 16.37 pounds per square foot,
which corresponds to a velocity of about 80 miles per
hour and to a test Reynolds number of about 2,300,000
based on the model mean chord of 3.16 feet, was main-
tained for nearly all tests. In some cases it was not
possible to maintain the dynamic pressure at 16.37 pomds ~
per square foot because of the hiph drag at large angles
of attack and rudder deflections, for which the dynamic ~ -
pressure was decreased and corresponding corrections were
made in the computations.

.
J

. I
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RESULTS Am DISCUSSION

Coefficxlentsand S@ols

. The ooef’flcientsand-symbols used in
defined as follows:

CL

CD

cDi

cm

Ch

P

L

n

M

H

s

q.

b

c

~?

z

B

P

Po

P

lift coefficient (L/qoS)

drag coefficient (D/qoS)

induced-drag coefficient

the report are

pitthing-moment ooefficient (M/qoSc)

hinge-moment coefficient (H/qob~ )

pressure coefficient [(P-Po)/qo]

lift of model

~ag of model

pitching moment about mounting-axis center line

moment about oontrol-surface hinge line

area

dynamic pressure of free air stream
()
*02

span

chord (for movable surfaces, measured from
hinge line to tratling edge)

mean chord

root-mean-square chord

balance coefficient
(* @H l/%cr 1)

static pressure at an orifioe

static pressure of free air stream

mass density of air -,

.
.

..- . . .. . . ... . - - . . .- .- . . - . - . ---- .—----- . . . . -----
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v

V.

a

&

-..

local velocity at a point
/

free-stream velocity

angle of’attack of model “

oontrol-surface deflection relative to surface
to which oontrol surface is hinged, positive
when trailing edge is moved left

0

Ch

= t&8t

()

b%

x a,t3

(-)

~cL

ba &,& .

()

?)CL -

= =,6

%
of rudder with shielded horn - c% of

plain rudder .

. “*% ~r~ of r.pdderwith shielded horn - Chr
% ‘f

plaln rudder

All parameters have an angle range of about *5°.

Sfiscripts:

r rudder

t tab d.

H horn
.

S~bols or coefficients without subscript refer to
oomplete vertioal tail surfaoe. .

.
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Correotlons

All the coefficients have been oorrected for the
effeot of the jet boundaries. No corrections have been
made for the effect of gap between the root section and

i the floor or the leakage aroupd the suppbrt strut. “ TM
i over-all corrections applied (by.addition)to the tunnel

data ere as follows;

Aa =

A(jL&

&~Di =

A% =

Ach =

*ere “ “
.. .

1053c%orreoted ‘~ ‘g)
-o. olm~ - - “

o.0233cL2 - . .

o“@47cL” .: .“- .I
kCL “

.

..

..-

1- Horn

..J 8
.

“.

.

. .

“1’” 2=”
I

. . .$. # ~Unshielded

. . .

k

o-;0085
.0083
““:Oogo

$3
●o”5. .002
.007 .,.i00 Z
“.007 i
.00-2“

,. z.005.

.

.

. .

. .

. .

●

.
. .

.

?

.

. .

The results of the measure-distribution tests have not
been corrected.as d~soribed. . “ . . .-..

.T@ results of’this investigation represent the
aerodynamic oharaoteristlcs of a semtspan tall surface .
and will have to be changed to the.proper Aspect ratio
If applied to a ver~ioal tail s~faoe. The eff’eotof -
the horn and of’tab deflection op the hinge-moment
oharaoteristlos should, however, be applicable to any
oontroI sprface ~f similar plan.form without mrrection .
for aspeot ratio. The absolute,values of hinge-moment,
lift, and drag coefficients 8hQUld, however,:be oorreoted
If applied to a vertical tail surface for the purpose of
estimating airplane oharacteristios.

.... .... ............ .. .... -----.. ........ .... ....-...— -- . .- -
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Plaln Rudder
.

Tests were made of the pla~ rudder to obtain a
basis fqr #he pffeot of the horns m the hinge-moment
charaotetistlcs-o These tests .ino.ludedtests of.the
rUddeF unsea-led.(fig.8) and tests of the rudder sealed
(fig. 9).. Se@llng the rudcl~rhad no effect on the lifi
characteristlc~.butdid chaqe the val~..qf. ~. . from
-0.0084to -0.0077. # .. V.%? ...“

Tests were made of the sealed rudder to.determine
the effect of fixing the transition at or near the
leadlng edge of the surface (fig. 10j. .~ transition
was fixed by roughening the first 5 percent of the fin
with NO. 60 emery dust. The main effeots of the.rough-
ness were to decrease slightly the slo~e of the:lift
curve CL=, to deorease the effeotiy.e.hess.of $he.

rudder .CL&3 and to deorease the maximmmlift~coef-

fioient. ‘&e h~+oment characteristlos were not
appreciably affected by roughening the leading edges of .
the fin. ● ---- .. .. .:.

- Shielded Horns j.”.. I 1. ..

~
.- !&.rabults of the.:testsof the

original horn horn 2-a) are presented In figure il.
This horn represented the.horn on the Xl?6Fvertical tail
except for the shape t%rough the tip. A few tests were
made of a horn of the same size and nose shape except
that the radius on the butboard leading .d.gewas 611mi-
nated, with the r.esult.thatthis horn @d the same plan
form as the other horns tested. The data of this modi-
f’loatlonwere not notloeably ditferent from the data of’
horn 2-a and are.therpfore npt presented.. .......

.. .
M9d<f’ied@orns.- The hinge-moment characteristics

(fig.X! )“Shdtcate that the .additlonof the horn r$s~ts :
In a posltlve inorease.in the slope of the hi.nge-moment-
coefficlpnt curves for both ~ and ~ .throughout the
unstalled range of a or ~. The curves-of hinge- ..,
momenticp~~flcient against rudder deflection show no
discontinuity.when the horn unports, that is, when,the :~
chord line of the horn ~ofects beyond.the.surface of’”
the fin. . Comparison of increments of hinge-moment ooef-..”
fic$ent fop any of the vafiioushorns.shows that the ... .
Increment 3s linear with rudder deflection.or mgle of.

“.”: ,..
.. ..... .. .. .. .

..

.

———— .,~ ,=-..7*-- —-+

.:; , +-.:.,. ,--5 . . . . .- - . . . . ., ...-7---- -> < -F
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attack through the unstalled range. A comparison of
the tidividual ourvea of figures 12(a) and 12(b) indi-------.....
oat-e&.th.izt;”althouglr+he -use of some of the larger horns
gives a large positive Inorease In c+ over the

%?
~ small deflection range, the values of C% for these
~ horns In the stalled r-e with large rud~er deflection

are Inoreased.

In order to obta~n a more oomprehenslve comparison
of the shielded horns, the Values of ACha and AC%

8n
were plotted against belanoe coefficient

*
B of

reference 1 in figure 13. . The curves for the unshielded
horns of reference 1 have been included for comparison.
The data of figure 13 Indicate that the values of AC~

“ad ‘c%&
w

Increase evenly with balance coefficient.

The values-of ACha are Independent of nose shape for a

given value of B, but the values of AC%% are larger

for the blunt nose than for the medlun nose.- The values
of AC% for the shielded horns are about 60 percent as ‘

great as for the unshielded horns in the range tested.
, The values of AC%

%
are less for the shielded horns

for values of B, below 0.35but are higher than for the
unshielded horns for values of B greater than 0,35.

A comparison of the lift characteristics for several
arrangements of shielded horns (table 11) indicates that
there are only small changes in

c%
and CL

&
with

horn shape or size. “A large part of the variathns
shown may be the result of experimental error. The test
data are not presented for the lift characteristics,
Wieh were very similar to the characteristics of the
plain rudder. The nose shape of the horn had little
effeot on the value of CL& taken from deflections

i
Of’*1O*, .bu the medim nos; in some oases gave a value
of ~L~ b sed on deflections of ~“ about 5 to

10 perc&t less.than those based on deflections of *lO”.
This effeot was, however, limited to small deflections
and did not affect the values of CL at large values
of %“

1 -—.. . ...- ——. —- —.-———- ..-—-
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Complete force tests were made of the XF6F vertical
with horns 8-a and 8-b to determine the character-

istics of a horn giving closer balance than horn 2-a.
The results of’these tests are presented in figures L!+
and 15 and can be used to estimate the hinge-moment-
ooefficlent curves for other horns by titerpolatlng
between the values for horn 8 and horn 2 and/or the plaln
rudder from the curves of figure 13. -

Dymmic-stabillty estimates.- Closely balanced
rudders are desirable, but balancing the Xl?6Frudder with
a shielded horn leads to a positive value of Cha. The

oscillatory characteristics of the XF6F airplane were
estimated by the method of reference 2. It was assumed
that the rudder had no mument of inertia and that the
rudder was mass-balanced, although the rudder was known
to have some mass overbalance on the airplane. The
assumption of no inertia tends to overestimate the stabi-
lizing effect on the oscillations whereas the assmption
that the rudder is mass-balanced tends to underestimate
the effect. (See reference 2.) It appears that all
of the horns except 6 and 8 would fall in the com letely
clappedregion; all of the horns except 3, 6, and ~ Could
be further balanced by use of balanolng tabs without
going out of the region of complete damping.

I?Yomreference 2 it appears that if the rudder is to
be closely balanced - that 1s, c% approaches zero -

%
c% must be held near zero if complete damping is to be.

obtained. A comparison of the values of ACha

and AC%% at a constant value of B from figure 13

indicates that AC% Increases about seven-tenths as

fast as
“%6 ;

thus, if complete balance is ~tobe
r.

obtained by use of shielded horn alone, the unbalanced

/%
control must have.the rat!O ~h C = 0.7. Inasmuch

a
%?

as this ratio appears to give a value of
c%

higher than

found with most”control surfaces, some other type of “
balance Is required to reduce

c%%
to gtve the ratio

desired. Several types of balanolng device may be used



—-

including Internal balances, overhang, or balanolng tabs;
.-.hoc?ver,any balancing devtce that reduoes c~ about
the s&e”’’&&&t-”-as.~%

““!%
c~ot-”be--~edo -Theresults

of this study indicated that for the M?6F vertloal tail
n surface it Is possible to reduoe

%~
to about

SO percent of the unbalanced value wit&out obtaining
Positive vahes of Ch large enough to give steady .

a

osolllatlons.

Tuft study.- Flgures 16 and 17 give acme of the
results of the tuft study of horns 2-0 and 2-d, respec-
tively. These photographs show the flow characteristics
over the two horns at several rudfisrdeflections and two
angles of attack. The results Indicate ltttle dlfferenoe
between the two nose shapes, blunt-nose horn 2-c and
medium-nose horn 2-d, except at zero rudder deflection
and zero a~le df attack, for tiich the medium nose shows
unsteady flow over the leading edge of the horn. The
photograph of horn 2-c with a = 0° and ~ = 0° Is not
shown, as the tufts all lay straight back. Figure 18
shows the flow over the tip of the tail surface at sev-
eral angles of attack with the rudder neutral.

Pressure distribution.- The pressure-distrtbutlon
diagrams (.?lgs.19 to 26) gtve the pressures over the
upper and lower surfaces of horns 8-a and 8-b for several
angles of attack and rudder deflections. The pressures
are plotted normal to the chord line of the rudder and
horn. Although taken at only one spanwlse location,
these pressure cmves should be useful In the design of
shielded horns, as they give a general distribution of .
the loads over the horn.

The curves Indtcate that, in general, the medium-
nose shielded horn 8-b gave lower peak pressures and .

3
oonse uently higher critical speeds than the blunt-nose
horn -a. Additional pressure data were taken that
showed a considerable hysteresis In stall oharaoterl.stlcs,
but the force tests failed to show this effect In the
rudder hinge moments. This effect might result because
the rudder shows a hysteresis that compensates for the
ohange In flow over the horn. No results that show this
effect are presented beoause pressure tests of tti.redder
are not available ana the over-all hinge-moment ooef-
fioients were not ohanged. ..

.

---
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The pressure plots can alsd be used to determine
the local velocity ratio over the shielded horn by means “
of.the equtlm

where

v local veloctty at a point

V. free-stream velocity

By using the curve of figure 22 of reference 3 and
the peak pressures found from the pressure-distribution
tests of horns 8-a and 8-b, the ourves of figure 29 were
esttited. Although the test points shown in figure 22
of reference 3 do not fall on the curve, later tests of
symmetrical airfoils show good agreement with the curve.
The curves of figure 29 show that the reduction of
critical Mach number with rudder deflection Is much less
for the medium-nose than for the blunt-nose horn, as
would be expected. Inasmuch as no pressure measurements
were made over the complete tall surface, it is impos=
slble to determine whether these pressures are orl.tloal
for the tall assembly or for the horn only, Figure 29
does, however, Indicate the critical speeds of the var-
loias horns plotted against rudder deflection and may be
useful h determining the horn nose shape.

Uhshlelded Horn

The results of the tests of the unshielded horn on
the model of the XF6F vertical tail surface (fig. 30)
show Irregularltles In the hinge-moment-coefficient
curves not found in the curves for shielded horns
(figs. 11 and 4). The values of .UC~

&
and ACha

for the unshielded horn are plotted In figure 13 and
agree quite well with the unshielded horns of reference 1.
The value of’ AChr% falls within the range of B for

which there is little difference between the shielded and
unshielded horns and therefore agrees quite well with tha
medlm-nose shielded.horns.

The tishlelded horn tested was expected to be too
large for the XF6F vertical tail but was tested solely
to obtain a comparison betwee,nshielded and unshielded
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horns M? the same span. If.an ‘filshieldedhorn were used,
-,.,-It wo@d-L@ve to-be considerably smaller and would have

to have dzia-~~liary bal-~cd devtce-to reduoe the nega-
tive value ‘of ~.. ~.. . ~

.
9
, . .

\

:
Tab Oharaoterlstlos .:

The results of the tests of the original tab are
presented in fi~es 31 to 36 and of the round-nose tab,
In figures 37 to ~. The ori Inal tab is less effeo-

$tive in the negative rudder de leotion range when the
tab Is deflected negatively than when the tab is de.
fleeted positively or when the round-nose tab Is used.
With both the original and the round-nose tabs, the tab

‘ and rudder hinge-moment coefficients indicate that, In
the high negative rudder and tab dofleotlon range and
with a near 250, the tab stalls and shows little change
in hinge-moment ooefflclent

c%
with rudder deflection

and in rudder hinge-moment coefficient C% with tab

deflection. As bt is reduced to ~ero, ~he condition
eases and is Improved when the tab is defleoted posi-
tively. In fact, when at is 20°, there is a very
large increase In Cm as the rudder is defleoted

from -20° to -3~o, “
1

Both the original and the round-nose tabs were
sealed for some tests to determine the effect of the

Sealing the orlglnal tab appears to have changed
~~~~~etla,b from -0.020 to about -0.025 SJId Chtat

C* from -0.0055 to
k

.0.0045.

The data presented for the two trimming tabs are
applicable to a rudder with any of the horn modifications
tested. These data should be useful In the desi~ of
“anytab devioe to reduce the amount of overbalance or to
be used as an unbalancing tab. The data were taken on
the rudder with no horn in order that the tab effects ‘
would be more easily distinguished, as the hlnge-moment-
ooefficient curves for the unbalanced rudder are, in “
general, more regular.

.
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COCCLUSIONS

““Aninvestigation was made in the TJiAL7- by 10-foot . “
tunnel of a 0.7-scale model of the vertical tail surface
of ths firummanXF6F airplane. Tests to determine the
effect on the hinge-moment chaiacterlstlcs of’an un- -
shielded horn, of shielded horns of different chords,
spans, and nose slmpes, and of trimming tabs of two nose
shapes indicated the following conclusions:

1. The addition of the shielded horns gave a change
in hinge-moment variation with angle of attack about ~
60 percent as great as unshielded horns for the same
balance coefficient. (’.l%ebalance coefficient Is the
sql~pe rOot of the ratio of the p~od~t ~f the ~Orn area
and mean:chord of the horn to the product of the redder
arenaand mean chord of the rudder.) For the shielded
horns, the change In”hinge-moment variation with rudder”
dei’lectionwas less than for the unshielded horn for
horns of small balance coefficient and greater for horns
of large balance coef’flclent. The ratio of the change
In hlngg-rnomentvariation with angle of attack to change
with rudder deflection was about 0.7 for the shielded
horns. “

2. For the XF6F vertical tell surface the rate of
change of’hinge-moment coe?flclent wfth rudder deflection
could be reduced with shielded horns to about 50 percent
of the unbalanced value without obtatning a positive
value-of the razteof change with angle of attack large
enouRh to @v9 steady oscillat?.onsof the airpiane with
free rudder.

3. For most tall surfaces it will be impossible.”to
obtain a closely balanced surface by means of shielded
horns and keeD the rate of change of hinge-moment coef-
ficient with tingleof attack ne=r zero without the
addition of some other balancing device of which the
main function is to reduce the negative hinge moment
to deflection.

due

4.. The pressure-distribution tests showed that, In
general, the medium-nose horn gave lower peak pressures
and consequently higher critical speeds than the blunt-
nose horn.

—. —. —- —.
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5. The two tabs tested gave approximately the same
.%..,,.resultsP..,......... ..“ -----

,
t Langley Memorial Aeronautical Laboratory,
! National Advisory Committee for Aeronautics,

Langley Field, Va.

.
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TABLE1.- ORDINATESFOR MEDIUM NOSE SHAPES

[Spanwisestationsin tn. Nom rootsection.
Chordwisestationsand ordinatesin in.1

Horns1 andk

Chordwlse
station

o
.0
.0 i!

● “3
f?

$:4;
2.93
3.43
3.76

ordinates
SDanwiaestation
~1.ol
o
.1 2

J?
:21it
h.J
:55
.778
.916
1.0 0

21.0 6
1.050
1.020

*.62
o
.071

::2
.193
.259
63

?2;@;

:l!~$
●475

Horns 3 and 6

Chordwlse1
0rdlnate8

atat~on s anwisc
!,1.01

0 0
.05
.20 Y:24

3
.0 .546

●55L
1: :
z

.694

.800
2:3; .887

?
.30 1.019
.30 1.111

2
● 30 1.172

6:4;
1.206
1.216

i
.30 1.218
.30 1.206
9.30 1.172
10. 0

3
1.111

10. 0 1.069
11.28 1.020

station
54.62
0
.066
.132
.161
.258
.323
:?
?
.47?
.51

2
z

:52
.566
.567
● 562
.546
.1
ii
:4?5

Horns2 and 5

Chordwise
station

o
.02
.05
.12
.22
.72

1.22
~.72
2.29
2.72

?
.72
.72
5.22

i’
.72
.72

7*52

Ordinates

S anwi84
t1.01
0
.100
.186
.242
.326
.576
.2
it
:92
●999
::@o

1.13i
1.133
1.090
1.020

station
54.62. .

0

%:0
.113
.152
.268
.541

z
● 93

:4%
.50
.52J

:~~

1?: 75

Horns7 and 8 _

Chordwlse
station

1.10
1.53

?
1. 5
2. 0

Ordinates

S anwise
t1.01
0

Y:2 4
●34
2
d

:8;~
.887

1.019
1.111
1.172
1.206
1.216
1.218
1.206
I.lp
1.111
1.069
1.020

--l
station
54.62
0
.066
.132
.162
.258
.323

z
: :3

.47?
● 51

i
%2:5
.566
.567
.562
;5~$

f98
:475
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TABLE II.- SUMMARY OF CHARACTERISTICS

,, . ... OFSHIELDEO HORNS ON O-7-SCALE MODEL.—

3 OF XF6F VERTICAL TAIL SURFACE

4-,
.—
Horn
-

None
l-a
l-b
2-a
2-C
2-d
3-a

1
-b’

4::
?-a
~.-:

6:b ..
~:;

i
8::

El

2
.106
.106
.210
.210
.210
.~lo
.310
..151
.151
.50Z
.505
.453
.453
.268’
.268
.386

; .306

~H/sp

9
● 038
.038
.075
.075
.075
● 1~1
.111
.076
.076
.151
,3.51
.226
.226
.094
.094
.187
● 187

.

T
CL= (&j

O::aj0.034
,034

.052 ● 03

.052 ● OJ2

.050 .036

.052 .056

.053 .03

.05 I .o~
1?

?
.o~~.

!
.o~k

.Opp .036
,o~r+ ,056
● 055 .036
.054 .036
.o~’

7
● 037

.05./..Oy
,054 ,~~z
.053 .056
.053~ .036

Cha
‘0.0020
-.001

k-.001
-.0007
-.0010
-.0006

● 0010
.0008
-.ool~
-.0017
.0001
.0005
● ooyj-
.00,!LO

-.0002
-.000~

.0010
,0017

“%6 I—. .
.cl.oo77
-.0074
-.0075
“-.0062
-.0065
-● 0070
-.007

1-.005
-.0072
-.0075
-.0077

f’-● o,o..l~
.0019
0
-.0058
-.0060

.,

I

-.0013‘
-.0026

i—..

. .

. .

.



Figure l.- Vertical-tail-surfacesetup in LMAL 7- by 10-fc)ot ‘tunnel
I’J



Figure 2.- Three-quarter front view of installation of 0.7-scale model
of XF6F vertical tail surface in LMAL 7- by 10-foot tunnel.
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surface. P/a/n sealed ruddec Or/glnal +Qb j 6* =/0~
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‘er\st\cs dO. 7-sea/e mode/ ofXf6f verhcal

Or/g/na/ fub~ St = 20.”



;d Tub hinge -nwnent coefficient , C~,



—-.

NACA Fig. 36
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figure 36.-Aerodynamic chuructcristics of G!7-scu/emcw’e/ of XF6~ verticul tai/
/?/Q/h seG’/ed rudder. Origin&’/ .?fQhSCU/dj dt=~.”

Jwface.
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figure 37.-A-e&ybamlc a%rac+ims$cs of O.7 stole model cfXF6Fver+zul W ‘sutiuce.

PIoIn sea/ed rudder f?o und-nose fub; t!it=-20:
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figure 39.-A c>odynoIzvc charicjeris~jcs of OZ$cuk mo&#dXf6Fver?$$cc?? fuli’surfuce.
PIuIn sealed rudde~ Ro una%ose fab;St =O:
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figure 42.-Aerodynumlc churucterlstlcs of 0.7 scu/e mock+ of XF6f verilul +cv/sunluce.
P/QIn seoktt rudde< RO urz+o~e fob se okdj ~=- IO:
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figure 43 .-Acrodynumjc churucterjstl cs of 0. 7-scu/e mode/ of Xf6f verzkal tai
surface. P/Q/n seu/ed rudb’e~ Round-nose tQb secY/edj 6t =OO.
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?/u/n sc~led rudder. Bound-nose tgb sea/edj & =/0°
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